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By Robert W. Rainey 

An investigation has been made in the Langley  9-Fpch  supersonic  tun- 
nel to detedne the  effects  of  a  sonic  jet  exheusting  from e wing-mounted 
nacelle upon the body drag of  a  body---nacelle combination for various 
longitudinal,  spanwise, and vertical nacelle locations and jet  pressure 
ratios. The fineness  ratios of the body and nacelle  were 8 and 5, respec- 
tively. The nacelle  length was about 31 percent  of the body  length. Both 
the body and the  nacelle  consisted of forebodfee and afterbodies which  were 
perabolic  arcs of revolution  joined  by a cylindrical  midsection. The wing 
wes untapered,  swept 26.5O, and h&d a hexagonal  airfhil  section. Measure- 
ments  were made at Mach numbers of 1.94 and 2.41 and at  Reynolds  numbers, 

Boundary-layer  transition was induced  artificially ahead of  the  body-wlng 
juncture. 

.I 

s based on body length, of about 2.61 x 10 6 and 2.10 x 10 6 , respectively. 

The results  indicated  that  the naximum variations in the  total and 
fore  drags  of  the  body due to jet  interference were about  one-fourth  of 
the  basic  body  drag.  These  were of the same order of magnitude  as  the 
lpBximum drag  changes due to  variation in nacelle  location with the  jet 
off. Both the  jet  interference and the  nacelle  interference upon  body 
drag  were  considerably larwr than the interference of the wing upon  the 
body  drag.  With  the  nacelle at  the m s t  inb0a;rd positions and with  the 
jet off, the  body  drag was reduced;  operating  the Jet increased  the body 
drag, bwever. With  the  nacelle  located  about four jet-exit  diameters 
outboard of the body and with  the  jet off, the body  drag values were the 
highest  obtained;  operating the  jet  reduced  the  body  drag  values.  It 
was found that the entire  jet-interference f l o w  field bad to be considered 
in  the analysis of the  interference  upon the total,  fore, and base  drags 
of the body. 

w Numerous  investigations  have  been  made  at  supersonic  speeds to 
determine  the  effects of the addition  of  stores and nacelles upon the 
aerodynamic  characteristics of individual  aircraft  componentB or  entire 
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configurations  (for  instance, refs. 1 a- 2). III the majority of nacelle 
investigations  made to date, the wing-  or  pylon-mounted  nacelles, as well 
as those  independently  supported,  did  not  utilize  jets.  Consequently, 
little informtion is  available on  the  effects of the  jet-interference 
flow field  upon  the  characteristics of various components  located  within a 

this flow field. 

. 

It has already  been  established  that  jet  effects  are  important to 
afterbody  and  base  drags  (for  instance,  refs. 3 and 4 1, the loading on a 
nearby w i n g  or  sureace  (refs 3, 6, and 7 1, and the  loading on tail sur- 
faces and afterportions of the  fuselage  (refs. 8 through 12 )- Also ewer- 
imental and theoretical  studies  have  been  made of  the  structure of various 
jets  exhausting  into  still  air  and  into  a moving airstream  (refs. 13, 14, 
and 15). In  view of the results  presented  in  the  aforementioned  refer- 
ences,  the  propagation of disturbances from a  jet  exhausting from a  wing- 
mounted  nacelle  should  affect  the  aerodynamic  characteristics of all com- 
ponents  subjected to  this  jet-interference flow field. 

The purpose of the  present  teste was to determine  exqerimentally  the 
effects of a  jet  exhausting  from  a  sonic nozzle located  within  a wing-  
munted nacelle  upon  the drag of the  body of body-"nacelle comblna- 
tions  for  various  nacelle  locations  and  jet  pressure  ratios. The nacelles 
were  wing  mounted,  either  directly  to  the wing or by use  of pylons, 
depending  upon  the  nacelle  vertical  location.  The total-and base  drags 
of  the body were Easured with  the  nacelle  at  various  spanwise and chord- 
wise  positions and at  jet  static-pressure  ratios  from  the  jet-off  condi- 
tion up to 40 (total-pressure  ratios  up to about 75 ). Teste  were made 
in  the Langlqr 9-Inch  supersonic  tunnel  using  a semispan mdel installa- 
tion. The tests  were  made  at  Mach  numbers of 1-94 and 2.41 and at  Reynolds 
numbers,  based on fuselage  length, of about 2.61 x 106 and 2.10 x 106, 
respectively.  Baunda;ry-laJrer transition WBS induced artificially on the 
body ahead of the body-wlng juncture. The angle of attack and angle of 
y a w  were 00. 

c 

SYMBOIS 

CD drag coefficient , Drag/qS 
base drag coefficient, -%,b x s Base  area 



d 
L 

% 
d 

di-ter 

longitudinal  location paramter, x/dj 

J 

Y CP,b 

9 

r 

S 

t 

X 

X '  

Y 

I z 

w 

Y 

3 

spandse location  parameter assuming z - (.. - 2) = 0, 

Y - ( r ~  + rn) 

dj 

vertical  location  parameter,  z/dj 

Mach number 

stetic  pressure 

base  pressure  coefficient, pb - p, 
3 3  

dynamic pressure 

maximum radiue 

body  frontal  area 

wing thickness 

longitudinal  distance  from  base of body to base of nacelle, 
positive  upstream from base of body 

longitudinal  distance f r o m  base of body to intersection of 
shock  wave and body surface or plate, as seen  in the 
schlieren  photographs,  positive  upstream from base of body 

sganwise  distance  between body and nacelle  center lines, 
positive  outboard of body 

vertical distame f r o m  wing chord to nacelle  center  line, 
positive downwerd from w i n g  chord 

ratLo of sgecific  heats 
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x ' subscripts: 

1 shock fMm within  the  jet 

2 exit  shock  or  trailing  shock,  for the jet on or  the  jet 
off, respectively 

3 nacelle  nose  shock 

Drag-coefficient  subscripts: 

b base 

f fore (total  minus  base ) 

t  total 

Other  subscripts: 

b  base 

B bow 
j jet exit 

n Jet nacelle 

A l l  tests  were  made in the  Langley 9-inch supersonic  tunnel  which is 
a continuaus operation, complete-return  type of tunnel  in  which  the stag- 
nation pressure mey be  varied and controlled from about 1/10 atmosphere, 
absolute,  to  about 4 atmospheres,  absolute. The stagnation  temperature 
and dew point may also be  varied  and  controlled.  The  Mach  nwnber is 
varied by hterchanging nozzle  blocks  which form test  sections approxi- 
mately 9 inches squ~re. 
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Models 
r 

The configuration used was a half-span installation  (fig. 1 ). A l l  
parts were constructed of metal, end the  exterior  surfaces were smoth. 

ness, were within iO.001 inch of the  specified dimensions. A l l  other 
dimensions were believed t o  heve  been within kO.OOg inch of the specified 
dinensions with the exception of the distances  fro=  the  nacelle  base t o  
the trai l ing edge 02 the wing; this wied up t o  0.010 inch. 

I WE diamters of the body and nacelles, as well as the wing maxirmun thick- 

The  body consisted of fore and afterbodies which were parabolic  arcs 
of revolution and a cylindrical  center  section. Part of t h i s  center  sec= 
t ion  was attached t o  the boundary-layer 'trypass plate and was cut out to 
receive  the wing. The to t a l  forward and rearward gap between this wing 
support ar-d the  reminder of the body n s  about 0.Ox) inch; the transverse 
gap was about 0.005 inch. A traneit ion  strip about 1/4 inch w i d e  and 
0.006 inch  thick was loceted on the body about 3/4 inch ahead of the 
body-wing leadlng-edge juncture. The s t r ip  consisted of fairly evenly 
distributed  pulverized  salt CI"~SWS no larger than 0.005 inch  across which 
had passed through an &-mesh screen. This crystal s i ze  was i n  order with 

m the reconmendations of reference 16. 
Ten wlng-nacelle  asseniblies were constructed and differed only i n  

of these  assemblies are  presented i n  figure 2. For a l l  nacelles supported 
by pylons, the pylon cross  section remained the s-. Additional perti- 
nent dimensions of the configurations  are given i n  table I. 

# the locetion of the nacelle. The pertinent dimensions and designations 

Each wing was buil t  up of silver solder which  combined three 1/4-inch- 
diamster copper air-supply  tubes w i t h  s tee l  leading- and trailing-edge 
wedges and included a Jet   s ta t ic-  and a j e t  stagnation-pressure  tube  (see 
fig. 2(a 1. D r y  air (dewpoint approximately -400 F from a high-pressure 
etorage tank was piped through a throttling valve into the air supply 
tubes a t  epproximetely atmrspheric t k r a t u r e .  . 

&lance System 

The body was supported by a forward flex link and the drag strain- 
gage  beam (see  fig. 1). A preloaded tension spring, adjustable from the 
base of the body, provided a means of vsrying the operational drag range 
of the balance system. During installation,  the  strain-gage beam was 
oriented so tht the Uft-on-drag interaction was negligible. It was 

was negligible. 
. also determined that interaction of side force and yawing moment  on drag 

* During the t e s t  program a sufficient number of balance callbra- 
tions were made between test runs t o  ascertain w h a t  small varietions i n  



spring  tension,  if any, had taken place.  These  minor  changes in spring 
tension have been included in  the estbated probable  errors  in  the  sec- 
tion  entitled  "Precision of Data." 

PRECISION OF DATA 

A summary of the estircted  maximum  probable  errors for  the  tests  is 
presented  in  the following table: 

The spanwise  nacelle  locations were set  within f0.010 inch of the 
specified  values  which  corresponds to a Ky value  of f0.04. The error 
in KY_ was dictated by tke  model  construction and was found to be  less 
than *0.04. 

RESULTS AND DISCUSSION 

Interference  Considerations 

For  t3e  general  case of a  jet  exhausting  into  a  supersonic  stream, 
the  calculation of the  interference  flow  field  is  difficult  and  complex. 
One such  calculation  using  the  method of characteristics has been  made 

streamline  forn  and  are  presented  in  figure 3. Although the  test  condi- 
tions  and  configuration  for  this  calculated  case  are  different  from  those 
utilized  in  the  present  tests,  the  general  flaw  phenomena of the  calcu- 
lated  case  are similar to those of the  present  tests  at  pressure  ratios 
where the shock  within  the Jet existed.  Therefore,  these  more  detailed 
calculated  results  will be used to define  qualitatively  the  jet-interference 
flow field. 

by Schiifer  (ref. 15 1. His  results  have  been  converted  to  isobar  and 

1 

It  is  evident in figure 3 that  significant  pressure  rieee and changes 
in flow angle  exist  &cross  the  exit  shock  and  are  a maximum et the  lip of 
the exit. The pressure and flaw inclinations  outboard and downstream of v 
the exit  are  reduced  as  indicated by the isobars  and  stremilines. 



NACA RM L56AO9 - 7 

It  is  obvious  that  the hterference effects of the  jet  upon  a 
neighboring body or  surface would be  dependent  upon  their  relative loca- 
tions  since  the  distribution of interference  pressures and flow  angles 
can va,ry eppreciably  with  Dosition  wltkdn the interference flar field. 

dients in pressure and flow angle within  the emansion region  outside of 
the  nixing boundary and  between  the exit  shock and the  reflected  shock 
Tron withi=  the Jet influenced  the body dreg. These gradients  could  not 
be discerded  as secondary (as  compared to considering only the effects 
of pressure  rise  across  the  exit  shock  and shock from  within  the  jet) 
in  the -lyses of  body drags. 

L 

I For the  present  case, as will be discussed in a later  section,  the gra- 

A typical  exanple in  which  portions  of a twin-Jet  aircraft ha;vlng 
wing-pylon-mted nacelles  might  be  subjected to t b i s  jet-interference 
flow  field  is  presented in ligure 4 (assuming no distortion to  the flow 
field  due to the presence  of  aircraft  comgonents  for  illustrative  purposes 
only It  is  apparent  that  the  fuselage  afterbody and tail  surfaces 
would  be  subjected to various  pressure mriatione and flow  inclination 
angles  which  would  have en effect on the fuselage and tail drags and the 
longitudinal  stability  characteristics. For the case  of  asyametric  jet 
flow fields  (due  to, for exarrple, the  aircraft at sideslip angles other 
than Oo or u n e p l  jet "&usts), the  directional  and  lateral  stabilities, 
in addition to the  longitudinal stability, would  be  affected. 

c 

a 

Basic  Data 

The Eesured total end base drag coefficients  are  presented  for 
several  values  of Ky (fig. 5 )  as  a  function of pj/p= in figures 6 ( e )  
and  6(b  for Mach  numbers  of 1.94 and 2.41, respectively.  The drag coef- 
ficients  (fig. 6) et the  lawest value of pj/poo  were  for  jet-off  condi- 
tjqns. Due to wing sweep, Kx changed  as Ky was changed. The param- 
eter  Ky was the slant  distar-ce between  outer  surfaces of the body and 
mcelle, nondhensionalized tbaugh the  use  of d-J  (fig. 5 )  and is 
deTined  as  the  spanwise  locetion  parameter." This distance was essen- 
tially  the minimum distance  between  the  two  colqponents  for any one span- 
wise and vertical nacelle  location  and was W b t e d l y  an important  fac- 
tor  in  determining  the  existence  of  reflections and local choking between 
these  two  components. Also shown in figure 5 are the distances  used in 
the lollgitudinal and vertical  location  parameters. 

II  

Veasured  Interference EZf ects 

Throughout  this  report,  reference wlll be  made to the  nacelle  inter- * ference  upon  various  other cmponezts. For the  cases when the  nacelle 
is supported by a pylon, the  term "nacelle  interference''  is  meant to 
include  the t o t a l  interferences of both pylon  and nacelle. 
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The  sources  of  interference  upon  the body, neglecting mtual inter- 
f erences , were  the wing, nacelle, and jet. The interference  of  the wing 
upon the  body  fore  and  total  drags was beneficial  at M, = 1.94 and 
detrimental  at = 2.41 (table 11); these-interference  drags  due to 
the wing were srnall compared to the drag  of  the body alone. Large drag 
changes  occurred  as  a  result  of  adding  the  nacelle to the wing (compare 
jet-off  results in fig. 6 to drag  coefficients  of  body in presence  of 
wing,  table II) and as  a result  of  operating  the  jet  (figs. 7, 8, and 9). 
In figure 10 are  presented  changes in body fore  drags and incremental 
fore  drags  at M, = 1.94 associated  with  changes  in  shock  locations 
obtained  from  schlieren  photographs. 

Effects  of  jet-interference  flow  field.- The incremental  drags  (fore, 
base,  and total 1 of  the body due  to  the  jet were either  beneficial  or 
detrimental (I igs. 7, 8, ani 91, dependent  upon the pressure  ratio of the 
Jet and its  location  with  respect to the body. Both  of  these  factors 
were  of  iqportance  interferencewise. The jet  pressure  ratio was predomi- 
nant  in  the  formation of the interference  flow  field; and the  distribu- 
tion  of  this  flow field upon the body was pri-mrily  dictated by the  rela- 
tive  locations  of Jet and body. However,  for  the  present  tests, the 
schlieren  studies  indicated  that the jet  upon  discharge  from  the  exit was 
bent in a  direction  asmy  from  the body when  the nacelle was located  at 
Ky = 1 and, particularly,  at low  jet pressure  ratios.  This was believed 
to have been  the  result of the  reflected  disturbances  between  the  nacelle 
and body. 

- 

T3e largest of the  drag  increases  due to  jet  interference  took  place 
when  the  nacelle was at  its  most  inboard = 1) and forward  location 
rtnd highest jet  pressure  ratio  (see, for instance, fig. 7(a), KZ = 2.5). 
The  effect  of  increasing  the  Mach m b e r  from 1.94 to 2.41 was, generally, 
to reduce  the  maguitudes  of  the  drag  increases  (conpare,  for  instance, 
fig.  7(a), K, = 2.5, to fig.  7(b), rC, = 2.5). The basic body drage  are 
summarized in table I1 to  facilitate  comparison  with  the  drag  incren?ents 
of  figures 7, 8, and 9. 

( 

Comparison of figures 7, 8, and 9 indicated t h t  the total  drag 
increases  or  decreases  resulted  from  variations in either  base  or  fore 
drags  or  both. No attempt will be  made to amlyze each  individual  trend 
of  the  drag  variations;  however,  analyses will be  made of thee typical 
types  of  drag  variations  through  the  use  of  schlieren  photographs in a 
later  section. 

Associatior of shock locations  with body fore drw variations.- The 
results of figure 10 are  presented  solely  to  illustrate how the  interfer- 
ence  fore  drag  varied  wi&  shock  movement. This correlation should not 
be construed  as an attenpt to isolate  the  individual  effects  of  shock 
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waves or flow regions.  These  results  include  the data for all the longi- 
tudinal,  spanwise, and vertical  nacelle  locations  for  which  shock-body 
intersection  locations  could  be obt&ined at I& = 1.94. These  shock 
intersections  were  taken  as  the  location  at  which  the  most forward per- 

silhouetted in the schlieren photograph  (or with the plate surface when 
the  shock  extended damstream of the body base). When the Jet axis was 
directly  above the body center Une (& = L5), the value of x’ is 
correct.  For the  other & values, x*  is slightly in error  due to 
the curved nature of the shuck; but for the d u e s  of & used and for 
the  purposes of this  correlation,  this  error is not  important. In fig- 
ures  lO(a)  and 10(b), the fore drag coefficients  are  presented as a func- 
tion of the  locations of the  intersections of the nose and trailing shocks 
with  the  body‘surface f o r  Jet off. A s  these  shock  locations were shifted, 
the  dlstribution  of  interference pressures upon the body was d s o  changed 
and resulted in large variations in body fore  drag. For -le, in fig- 
ure lO(a ), the  beneficial  effect of the pressure  rise  across the nose 
shock  upon  the  body  drag is  evident for nose shock  locations of the order 
of -2 (where  the pressure rise was felt forward through  the wake and 
boundary layer) to  about 7. At  this  location,  the  effects of the e-- 

pylon) reduced  the  pressures on the  aftersurfaces of the body and 
increased  the body fore drag.  These drag variations  are  compgred to the 
drag  coefficients of the body eJ.one and the body in the  presence of the 
wing, signified by B aad BW, respectively. The large interference of 
wing nacelle on the body as colqpared to the small interference of the w h g  
on the  body is evident. 

P 

* t ion  of the  shock  front  appeared to intersect  the  contour of the body 

” sions propagated from the  base and re- portions of the nacelle (and 

8 

The  variations of incremental  fore drag coefficients due to jet 
interference  are  presented in figures 10(c 1 and lo(&). as a function of 
the  location of the intersections of the  shock fronwithin the  jet  and 
the  exit  shock with the body surface. These results  indicated that the 
maxinium change in C D , ~  due to  jet  interference  was  about 0.05. This 
was  about 22 percent of the basic  fuselage drag and was of the same order 
as  the maximum change in C D , f  as a  result of nacelle and pylon  inter- 
fereace  with  the  jet off (figs. lO(a)  and 10(b)). It should  be  noted, 
however,  that the pylon  used in the  present  tests  was  thick; for cases 
where  thinner pylons were  used,  the mximum pylon-nacelle  interference 
effects  would  probably be subordinate to the maximum jet-interference 
effects . 

Correlation of Flaw-Field  Observations 

W i t h  Measured Drag Results 
- 
d Presented in figure ll m e  schlieren  photographs of the body and 

body-wing  combination. The various flaw phenomna associated  with  the 
tests  at I& = 1.94 are  Indicated  and  should aid in the interpretation 
of figure 12. In figure 12 axe presented  three  types of drag variations 

-L 



due t o  jet  interference along with schlieren photographs  which show the 
changes i n  the flow f i e ld  t'mt w e r e  associated w i t h  the drag variations. 
The three  types of cirag variations  we: t o t d  and  beae drags  decreasing, 
fore drag near constant (model 24, I(x = 8.96, % = 6.06, K, = 2.50); 
t o t a l  and fore d r a g s  decreasing, base drag near constant (model 3-3, 
I& = 8.78, % = 3.00, K, = 1.50); and to ta l  and base drags increasing, 
fore drag constant (model 2-A, Kx = 11.46, % = 1.27, K, = 0) .  These 
types of drag variations do not cover a l l  the types which were encountereb; 
rather, these were chosen for  discussion purposes. 

Model 2 4  (Kx = 8.96, 5 = 6.06, K, = e.gO).- In figure  12(a)  the 
nacelle waa f a r  enough outboard Ky = 6.06) so that no multiple  reflec- 
tions occurred and the w a k e  of the nacelle had essentially no inclination. 
With the Jet  off, the nacelle  trailing shock intersected the plate down- 
strean of the body trailing shock. This placed the base of the body and 
a portion of the  afterbody i n  the expansion regions propagated frm the 
nacelle  afterbody and base and the pylon afterportions. Therefore, CD,f 

a.nd 'D,b 
respectively, as campared to  0.212  and 0.016, respectively, with no 
nacelle) . 

( 

were higher than their vahes w i t h  no nacelle (0 -220 and 0 .o%, 

AS Pj/Poo increased t o  1, the nacelle trailing shock disappeared 
and an exit shock was created which intersected the plate  closer  to the 
base of the body. The pressure rise across this shock was fe l t  forward 

Further  increases in p p, to a value of 20 m8gnified these effects. 
A t  pj/p, > 20, the exi t  shock progressed forward of the base of the body 

Within the W a k e  of the b- d reduced CD,b without  affecting %,f. 
J I  

and reduced 'D, f also. 

Examination of this series of schlieren photographs Indicated that a 
severe '%e-" of the inboard exit shock took place as pJ/po,  Increased. 
Study of other  schlieren photographs  of the same model but a t  different 
spanwise locations indicated that the initial exit  shock angles a t  the U p  
of the jet  were about the same but that a more gradual rate of change of 
shock inclination was prevalent for a l l  other sparwise nacelle  locations 
a t  equivalent  values of pj/p,. W i t h  the nacelle  located as in fig- 
ure =(a), the shocks from the nacelle nose  and pylon leading edge com- 
bined and reflected from the -body just rearward of the wing-trailing-edge- 
body juncture along with the disturbances originating at  this juncture. - 
This w a s  sufficient  to cause the  decrease i n  the rate of  change of exit 
shock angle i n  the regions w h e r e  these  disturbances  are  visible and 
resulted in  the local exit shock angles being  higher than usual. A t  the 
extremity of t h i s  flaw region, the shock angle decreased abruptly. The 

w 



important effect that t h i s  .ohenanenon has i n  changing the location O f  the 
intersection of the exi t  shock with the body surface is evident. The 
drag results in this figure  indicate that the changes i n  CD,f and cD,b 
were largely dependent upon t h i s  location. 

c 

I 

Model 3-B (& = 8.78, 5 = 3.00, K, = 1.50) .- In Mgure U(b) the 
jet-off values of CD,f and 'D,b are higher thsn the no-zmcelle values 
(0.256 and 0.020, respectively, as -ed t o  0.212 and 0.016, respec- 
tively, w i t h  no nacelle). The rearward  porticms of the body was slibjected 
t o  the low-pressure f i e ld  associated with the nacelle sfterbody and base; 
this more than canceled the cmbined effects of the pressure rise due to 
the  reflections between  body Eaaa nacelle and the trail ing shock behind 
the nacelle that intersected  with the wake of the body. 

A t  j e t  pressure  ratios greater than ope, the exit shock extended 
from the l i p  of the  nacelle and intersected the afterportion of the body 
thereby reducing CD,f. The expansion region of f lav  between the exit 
shock  and the shock f r o o n  within the jet reduced the base pressure  slightly; 
thus, a small increase in CD,b took place. A t  p j  /pm 2 20, however, the 
pressure r i s e  through the exi t  shock had increased to the  extent that the 
magnitude of the pressure i n  this expansion zone resulted i n  no further 

c 

a increase i n  CD,b. 

the multiple  reflections of disturbances between  body and nacelle are vis- 
ible, and it is believed that the pressure  rise across these disturbances 
were responsible for  the outboard inclination of the f ree   j e t  and/or the 
nacelle weke behind the nacelle base for  the jet-off and pj/pm = 1 con- 
ditions. For these conditicols the mQmeatlxm of the j e t   o r  wake is lar and 
subject t o  chamgas in  attitude  in  order to maintain a condition of eqpi- 
librium with the surrounding flow. 

With the je t   off ,  the  increased  pressure on the afterbody as a result  
of the reflections between  body and rtacelle reduced the fore drag coeffi- 
cient from 0.212 ( w i t h  no nacelle) t o  O . I ~  w i t h  Utth change i n  CD,bm 

For t h i s  nacelle  location, and with jet on, the exit shock, which wae 
probably the strongest shock associated w i t h  the j e t  flow field, inter- 
sected  the body ne- the cylindrical midsection and undoubtedly had Uttle 
effect upon the local  pressure drag. The distribution of pressures on the 

which the jet caused, canceled  the  effects of the pressure  rises  across 
the  exit shock and the shock from within the jet and resulted in  no change 
in fore drag. As the j e t  pressure r a t io  increased, the shock f'rcm within 
the Jet  moved downstream; and the expansion region was lengthened. However, 

'L body surface behind the exi t  shock, combined with any aspiration  effects 

t 
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the  distribution of pressure upon the body remained such as t o  result 
in no increase i n  body fore drag. A t  pressure  ratios  greater than about 
20, the shock frm within  the j e t  moved  downstream of the base of the body. The increased Mach  number and reduced pressure a t  the l i p  of the 
body base w a s  sufficient to  more than offset the effects of the  pressure 
r ise  across  the shock w a v e  and established  a reduced base pressure 
(increased base drag). This was reflected  directly  in  the t o t a l  drag 
increase  as the fore drag remined  constant. 

Sumnation of Drag Results 

Presented in  figures 13, 14, and 15 &re summaries of the dfag 
variations due t o  changes in nacelle  longitudinal, spanwise, and verti- 
cal  locations,  respectively, at  various values of pj/p,. In figures 13 
and 14, two of the location parameters are  held  constant w h i l e  the thi rd 
is varied. For example, in  flgure 13, KY and IC, are held constant 
and the drag variations w i t h  Kx are presented. These drq results 
include,  therefore, the effects of variation i n  pylon sweep angle along 
w i t h  the effects of variation in nacelle  location and jet pressure ratio.  
Similarly, i n  figure 14, in order t o  maintain a conahnt value of KX as - 
Icy varied,  the pylon sweep angle changed as a result of the longitudinal 
shift i n  nacelle  location  with  respect to the KJng because of the sweep I 

of the wing. In figure 15, anly the results using the unswept pylons are 
presented;  therefore, for each value of Icy, there was a different value 
of 5. 

In  all summary figures, the meaaured drag of the body using the 
body-wing combination is shown for  reference purposes (Indicated by "W") 
Also, at the larger values of Icy, since  the  jet-interference  effects 
were zero, a solid line is used to represent the drag results  for all 
values of p p,. Jl 

Varying longitudinal  nacelle  location.- Large drag  variations were 
realized by varying Kx (flg. 13) for the most inboard nacelle  locatione, 
particularly for KZ = 1.5. These  changes are probably associated  with 
tk canbined effects of dtiref Lected disturbances and  changes In  local 
skin  friction. It a l so   aware  possible that some aspiration of flow 
€"can locally choked regions between the nacelle and  body  might have taken 
place. These drag changes  were sanewhat reduced at M, = 2.41 (compare 
figs.  l3(a) and 13(b) ) . At neither Mach  number was the nacelle  far 
enough damstream and/or outboard to  result  in no nacelle-body interfer- 
ence. However, at  both Mach numbers, the j e t  interference  effects were 
zero at  the largest values 3f 5. In general,  the changes i n  CD, t  and 

I 

w 



a V a r y b g  spanwise nacelle  location.- As a result of nacelle  inter- 
ference,  large  variations i n  CJ), t and C D , ~  were reelized with the 
j e t  oTf by vaxying % at all values of I& and K, (f ig.  14). With 
the  nacelle inboard (Ky = 1) arid the jet   off ,  the nacelle interference 
generally reduced the t o t a l  and fore dregs of the body;  hawever, oper- 
ating  the jet generally  increased these body drags from thel je t -off  
value. With the nacelle located outboard of the body &bout four  jet- 
exi t  diameters at & = 1.94 and about three  jet-exit diameters at  
M, = 2.41 and with the jet-off,  the  nacelle  interference  increased the 
body t o t a l  and fore drags to the highest values obtained; operating the 
j e t  reduced these drags fram the jet-off values. As a result of varying 

% Or pj/pm, 'D,b variations at I&, = 2.41 were sign3ficantl.y less 
thes those at  = 1.94 because of the smaller shock and expaasion 
angles. 

Vaxying vertical  nacelle l0csdtion.- The results  presented  in f ig-  
me 15 were obtained  using models 2-A through 2-D d y  (unswept pylons). 
No general  trends were noted for  the results. It is evident, however, 

drags, particularly  at  M, = 1.94 w h e r e  the propagation of the Inter- 
ference  pressure fields resulte  in  large and - effects *on the 
body (at Ky = 1.0, for instanc.4 . 

c 

S that the vertical  nacelle  location was definitely important t o  the body 

Examination  of the data shows that at a given  longitudFna1 position 
of the nacelle rtna a t  a constant radial position of.the nacelle with 
respect t o  the body axis, the cl?ange in body drags with change in Je t  
pressure  ratio is not independent of the yertical  position of the nacelle 
in relation t o  the w i n g .  This indicates that the wing-pylon-interference 
flaw f ie ld  has e significant  effect upon the jet  interference upon body 
drw. 

CmcLusIONs 

The results of an experimental  investigation at  Mach  nunibers of 1.94 
and 2.41 t o  deternine  the  effects of Jet  interference upon the body drag 
of a body-wing configuration equipped with a wing-mounted jet  nacelle 
having a sonic  exit  indicate the following conclusions: 

w 
1. The maxianrm variations  in  the  total and fore drags of' the body 

due t o  jet  interference were about one-fourth of the  basic body drag. 
This was of the same order of magnitude as the maxiurum drag changes  which 
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resulted frm tb variation i n  nacelle  location w i t h  the jet  off. Both 
the j e t  interference and the nacelle  interference upon the body drags 
were considerably  larger than the  interference of the wing won the body. 

2. With the nacelle a t  the inboard  locations aad with the jet  off, 
the  nacelle  interference reduced the body drag; however, operating the 
j e t  increased the body drag from the jet-off value. 

3. W i t h  the nacelle  located outboard of the body about four jet-exit 
dimeters a t  a Mach  number of 1.94 and about three jet-exit diameters a t  
a Mach nmber of 2.41 and with the j e t  off, the  nacelle  interference 
increased the body drag to the highest value Obtaimdj operat- the jet 
reduced the body drag f r o m  the jet-off value. 

4. Correlation of schlieren photographs with drag results  indicated 
that the entire  jet-interference flow field m u s t  be considered in the 
analysis of the effects of j e t  upon the  total,  fore, and base drags of 
the body. Consideration of only the  locations of the exi t  shock  and 
shock fron within  the j e t  w i t h  respect t o  the body is not  sufficient  to 
show detailed  quantitative changes of these drags. 

Langley Aeronautical Laboratory, 
National Advisory Carmnittee f o r  Aeronautics, 

Langley Field, Va., January 12, 1956. 
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Model %K 

no. - at 
Ky 1 

1-a 
L C  
1-D 
2 -A 
2-B 
2 -c 
2 -D 
3-3 
3-c 
3 4  

13.18 
13.18 
14.18 
11.46 
11.46 
11.46 
11 -46 
9.78 
9 -78 
8 -78 

-lL5 
-45 
-45 "_ 
0 
0 
0 
45 
45 
45 

Distance from base of body to wing-traiung-edge- 
body juncture i s  equal to 13.87 jet-exit diameters. 

Die tance 
f ran 

nacelle 
nose 

0 
.loo 
.200 
-300 
,400 
500 
.600 
9 750 

1 750 
2 .ooo 
2.100 
2 -200 
2.300 
2.400 
2.500 

Nacelle 
radius 

0 
.062 
.116 
.160 
.196 . 222 
.240 
.250 
.250 
-2% . 222 
.205 
.B3 
-156 
9125 
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TAXZ 11. - S-Y OF DRAG COEFFICIENTS 

FOR BODY MID BODY-WIXG CONFIGuRAI1IONS 

Drag 
coef f iclent 

M 

1.94 

.009 ow 'D,b 

0.2l4 0 -235 cD, t 

2.41 
C o n f i g u r s t i o n  

- 
may c .205 .226 'D, f 

Body i n  cD, t 0.228  0.224 

presence 
.016 .016 'D, b of wing 
9208  .212 'D,f 

Effect of MD, t -0. ow 0.010 
w f n g  on 

.007 .007 =D,b bow 
-003 - -014 KD, f 



strip 

/ 6 Boundary-layer 
by-pass  plate 

,-. Top nozzle block 

-7- 

Base  pressure  tube 

train-gage leads 

/’ L Strain-gage bean 

-Bottom nazzle block 

Maxlmum body dlameter = 1 0 0  

Body base dlameterr. 0.50 

(a) mawing of model. All dimensions are in inches. 

Figure 1.- Model installation  in  the Langley 9-inch supersonic tunnel. 
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of model in tunnel. 

Figure 1. - Concluded. 

L-88760.1 



n I 

Silver Solder 

I \ 

I 

Wing Cross Section 
Parallel to Stream Pylon Cross Section 

Parallel to Stream 

(a) Pertinent  dimensions of wing-nacelle assemb.ly (in. ) . 
Figure 2.- Detalls of wing-nacelle assemblies, 



Model I-C 4 b.160 

Model 2-8 Model 3-8 

Model 2-C Model 3-C 

1 t m270 1 t -940 

Model 2-D Model 3-D 

(b) Designations of wing-nacelle assemblies. 
All dimensions are in inches. 

Figure 2.- Concluded. 
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b= 3.24 (assumed  uniform) 

Mi 02.38 

m12.5' 

1.400 

Boattail angle 39' 

" 

II I 

" " 

L I 

EXIT snocn X" 

F 
F 
z! 

Figure 3.- Distribution of static-pressure  ratio ppm associated  with 
flow issuing from a  supcrsonic nozzle. Obtained from calculations  by 
ScWer using method of characteristics (ref. 15). 
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Figure 5.- Layout of 
parameters. 

model sharing dimensions used in location 
Details are omitted for clarity. 
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Jet pressure ratio, p1 /pa 

Model 1-33 

(a) M, = 1.94. 

Figure 6.  - Measured total and base drag coefficients. 
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(a) & = 1.94.. Continued. 

Figure 6. - Continkd. 
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Model 1-D 

(a) I&, = 1.94. Continued. 

Figure 6.- Continued. 
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Jet pressure ratio, pj/p, 

Model 2-11 

(a) I&, = 1.94. Ccmtinued. 

Figure 6. - Continued. 
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(a) I& = 1.94. Continued. 

Figure 6. - Continued. 
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Figure 6. - continued. 
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Jet pressure ratio, pi /pa 
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(a) = 1.94. Continucd. 

Figure 6. - Continued. 
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Model 3-B 

(a) M, = 1.94. Continued. 

Figure 6. - Continued. 
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(a) M,,, = 1.94. Cmclutkd. 

Figure 6. - Continued.. 
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Model 1-B 

(b) M, = 2.41. 

Figurc 6 .  - Continued. 
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Jet pressure ratio, p /p, J 

Model 1-C 

(b) M, = 2.41. Continued. 

Figure 6.- Continued. 
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Jet pressure ratio, p /pa I 

Model 1-D 

(a) M, = 2.41. Continued. 

Figure 6. - Continued. 
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(b) M, = 2.1~1. Continued. 

Figure 6 . -  Continued. 
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Figure 6 .  - Continued. 
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c 

8- 
G 10.46 

Q -.04 
I 

c 
C 

KX 
0 6.46 

Jet pressure ratio, pi /pm 

(a )  M, = 1.94. 

Figure 7.- Effects of the Jet on incremental  total drag coefficients. 
Dashed curves are from intenolated data. 
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Figure 7.- Continued. 
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Figure 7.  - Contfmed. 
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Figwe 7.- Continued. 
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Figure 7.- Concluiied. 
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Figure 8.- Effects of the j e t  on incremental  base drag coefficients.  
Dashed cwves &re from interpolated data. 
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